The study was designed to evaluate the effects of different levels of clove (Syzygium aromaticum) powder in the diet on growth performance and histological changes of the livers and intestines of broiler chickens at 21 and 35 days old. Three hundred and thirty-six one-day-old Ross (308) broilers were allocated to eight treatments, namely: NC: negative control and unvaccinated; PC: positive control and vaccinated; and treatments T1, T2, T3, T4, T5 and T6 supplemented with different levels of clove powder (10, 20, 30, 40, 50 and 60 g clove powder/kg of diet, respectively) and all vaccinated. At 21 and 35 days old, eight birds/treatment were weighed, and samples from the livers and intestines were collected to evaluate morphological and histological changes. The results showed that higher levels of clove powder (T3 to T6) resulted in a gradual decrease in the live body weight of the birds at 21 and 35 days old. Relative liver weight increased in T5 and T6 at 35 days, but not at 21 days. A shorter small intestine was recorded in birds that received 50 and 60 g (T5 and T6) clove powder, while the proportional length of small intestinal parts did not show differences among treatments at 21 and 35 days old. The supplementation in the T3 toT6 groups resulted in a gradual decrease in intestinal weight at 21 days, but was not evident at 35 days. Villus height, villus surface area and villus crypt depth showed a gradual decrease from T1 to T6 at 35 days old. Also, gradual loss was recorded of the intestinal epithelium structure by necrotic enteritis on the wall of villi with an increased level of clove powder (< T2). These results indicated that 10 g clove powder per kg diet could be used to improve the growth rate without affecting the health of the liver and intestines of broilers. ______________________________________________________________________________________
Introduction
In recent years, the use of antibiotic growth promoters (AGPs) in poultry diets has raised concern about the development of antibiotic-resistant microbes and their effect on human health (Smith et al., 2003; Castanon, 2007) . Consequently, there is a trend in many investigations to seek for possible replacemenst for AGPs in broiler chicken diets, such as probiotics, prebiotics, organic acids and enzymes (Rosin et al., 2007; Abudabos et al., 2015) , plant extracts, herbs and medicinal plants (Amaechi & Anueyiagu, 2012; Tripathi et al., 2013; Chowdhury et al., 2018) , and spices such as cloves (Ghazanfari et al., 2014) .
Cloves contain vitamin A (retinol), beta-carotene (Dorman et al., 2000) , and vitamins K, B 6 , B 1 and C (Nadkarni, 2000) . Most importantly, cloves contain a phenolic compound (eugenol), which is its main bioactive ingredient (72% -90%) (Ertas et al., 2005; Li-Ming et al., 2012) .
The inclusion of 0.50% clove powder/kg diet can be used as a growth promoter in Japanese quail (Tariq et al., 2015) . This was confirmed by Agostini et al. (2012) , who reported that clove powder (0.1 -2.5 g/kg diet) had a positive effect on growth performance, feed efficiency and changes in the intestine epithelium of broiler chickens. On the other hand, the inclusion levels of 1.0 and 1.5 g of clove powder/kg diet did not affect growth performance parameters, but improved the health of broiler chickens (Mahrous et al., 2017) . The use of cloves at levels higher than these levels may have minimal effect on growth rate through a reduction in feed palatability, or may affect the intestinal epithelium and liver cells that alter digestion, absorption and metabolism. However, the clove is a safe plant when consumed in concentrations lower than 1.5 g/kg (Cortés-Rojas et al., 2014) . Moreover, Walum (1998) reported that lethal doses of extract of clove were recorded as 2500 mg/kg, which shows that it is relatively safe, as classified by the Organization for Economic Cooperation and Development (OECD, Paris-France). However, this does not constitute a biological constant because of factors such as species, age and diet (Adam et al., 2013) . Thus, it is important to establish appropriate inclusion levels of cloves and its essential oil as growth promoters (Najafi & Torki, 2010) .
It was hypothesized that changes in digestibility, the intestinal microbiota and the intestinal mucosa are involved in the mechanism of action of cloves. Therefore, the purpose of this study was to evaluate the effect of high levels of clove powder on growth performance and histological changes of the liver and intestines of broiler chickens.
Materials and Methods
Three hundred and thirty-six one-day-old mixed sex broiler chicks (Ross 308) were obtained from a commercial hatchery. Based on similar body weights, all chicks were divided randomly into 48 experimental cages with seven chicks per cage. This experiment was conducted in an environmentally controlled battery room. The temperature of the room was kept at 35 °C for the first day post hatch and gradually reduced to 22 °C at the end of the experiment.
Birds were fed a starter diet from 0 to 14 days (21.5% crude protein and metabolizable energy, 3000 kcal/kg diet) and a finisher diet from 15 to 35 days (21% crude protein and metabolizable energy, 3100 kcal/kg diet), based on corn and soybean meal. Diets were formulated according to the recommendations of the Ross Management Guide. Dietary treatments were allocated randomly into eight groups with six replicate (cage), namely: a negative control (NC) (without addition of clove powder and not vaccination), a positive control (PC) (without addition of clove powder but vaccination), and treatments T1, T2, T3, T4, T5 and T6 where the basal diet was supplemented with different levels of clove powder (10 g, 20 g, 30 g, 40 g, 50 g and 60 g per kg of diet, respectively). Whole cloves were obtained from the market and ground to use as a powder. Birds in treatments PC and T1 to T6 were vaccinated against Infectious Bronchitis and Newcastle disease at 5 and 21 days old, as well as against infectious bursal disease at 14 days old.
On days 21 and 35, eight birds from each dietary treatment were slaughtered after being weighed (g) and the entire small intestine and liver were removed. The liver as a percentage of live bodyweight was calculated, and total small intestine was weighed (g), and length measurements were taken in centimetres (cm). The length and weight of the intestine were used to calculate the intestine-weight-to-length ratio (W/L). Additionally, the lengths of the duodenum, jejunum and ileum were calculated as percentages of the total length of the small intestine (cm).
A 3-cm-long tissue sample was taken from the midpoint of the ileum of the small intestine without straining the intestinal wall. This site is considered the basis of microbial activity and the main site of absorption of most nutrients (Bryden et al., 2009) . Additionally, a tissue sample was taken from the midpoint of the liver from each bird.
Tissue samples were fixed in 10% (vol/vol) phosphate-buffered formalin for 48 hours, then dehydrated in graded alcohol and paraffin embedded into the action sections. Sections of 5 μm from each tissue were cut using the Microtome System, and stained with haematoxylin and eosin (H&E) according to the method of Mohamed et al. (2014) . Measurements of villus length (μm), width (μm) and crypt depth (μm) were based on at least eight intact villi per section/bird, using a microscope and image analysis system (Olympus DP72 microscope digital camera; Olympus NV, Aartselaar, Belgium). Villus length and crypt depth data were used to calculate the ratio, villus length/crypt depth. Additionally, villus height and width data were used to calculate villus surface area:
where: W = villus width, L = villus length (Al-Baadani et al., 2016) Histopathological changes in the samples were examined microscopically (100 to 300x). Changes in liver and ileum of the small intestine in all samples of the various treatments were based on the method described by Belih et al. (2015) .
Data were evaluated by ANOVA for a complete randomized design. Data were tested for the main effect of dietary treatment, using the general linear model procedures of SAS software (SAS, 2008) . The statements of statistical differences based on P <0.05 and differences between means were examined using Duncan's multiple range test. All values expressed as means ± standard error of the means (SEM).
Results and Discussion
The effects of treatments on the live bodyweight and relative liver weight at 21 and 35 days old are shown in Table 1 . This study indicated that the inclusion of various levels of clove powder (20 g, 30 g, 40 g, 50 g and 60 g/kg) in T2 to T6 resulted in a gradual decrease (P <0.0001) in live bodyweight at 21 days old compared with treatments T1, NC and PC. However, the relative liver weight was not influenced (P >0.05) by treatment. At 35 days old, different levels of cloves in nutritional therapies T3, T4, T5 and T6 resulted in a gradual decrease (P <0.0001) in the bodyweight, while relative liver weight increased in treatments T5 and T6 (P <.0001). However, T6 had a lower live bodyweight and higher relative liver weight than the other treatments. The current results agree with the findings of Agostini et al. (2012) , who showed that clove powder improved the growth performance of broiler chickens, but it depended on the dose in a non-linear way, with the optimum dose being 2500 mg/kg of diet. That could explain the reduction in feed intake, which was associated with high levels of cloves, and might affect palatability because of the impact of eugenol that act as analgesic and thus reduce gut movement (Daniel et al., 2009) . It may also be due to changes in the intestinal epithelium, which led to poor digestion and absorption, which would be reflected in the growth rate of birds. High levels of cloves may inhibit the intestinal absorption of some nutrients (Kreydiyyeh et al., 2000) , though the inclusion of levels at 1.0 g and 1.5 g clove/kg diet did not affect growth performance parameters, and enhances immunity and antioxidant activity of broiler chickens (Mahrous et al., 2017) . However, at 21 and 35 days old, there were no significant differences between vaccinated birds (PC) and unvaccinated birds (NC) in live bodyweight and liver weight, as observed in the authors' previous experiment on the performance of birds (unpublished). The small intestine is the site of most digestion and practically all absorption of nutrients (Svihus, 2014) . The morphology of the small intestine reflects the health status of broilers, and is related to the capacity of nutrient assimilation and immunological functions (Nicholson et al., 2012) . In the current study the intestinal morphology (length and weight of the small intestine) was recorded to assess functional changes when feeding birds various levels of cloves (Tables 2 and 3) . At 21 days, old the length and weight of small intestine and W/L were affected (P <0.001) by treatments, while the proportion of length of small intestine parts did not show differences among treatments (P >0.05) ( Table 2 ). Shorter small intestine was obtained in birds that received T5 and T6 (135.46 cm and 124.90 cm, respectively) compared with all other treatments.
On the other hand, birds that had received T3, T4, T5 and T6 had lower weight and W/L than the controls, NC and PC. At 35 days old, the length of the small intestine and the W/L were affected (P = 0.031 and P = 0.022, respectively) by treatments, while the weight of the intestine and the proportion of the length of small intestine parts did not show differences among treatments (P >0.05) ( Table 3 ). The authors noted that there was an improvement in intestinal morphology with age, in which a shorter small intestine was recorded from birds that received 60 g clove powder/kg of diet (T6) than in all other treatments. On the other hand, T5 birds had a higher W/L compared with NC, PC, T1, T4 and T6, but not with treatments T2 and T3.
The interpretation of functional changes of the small intestine according to weight and length is often problematic. Thus, it is more interesting to assess changes in the intestinal function using histological approaches, which would indicate improved function (Awad et al., 2011) and intestinal health (Al-Baadani et al., 2016) . Histomorphometric measurements of the intestinal ileum were affected (P <0.001) by dietary treatments at 35 days old (Table 4 ). The tissues of the birds in the PC that were vaccinated were significantly higher in the height of the villus compared with NC, whereas villus width, surface area, crypt depth, and the ratio of villus height to villus-crypt depth did not show significant differences between PC and NC. a-e Mean value within a column with different superscripts is significantly different P <0.001. Data effect of treatment is a means of eight replicate birds (n = 8) of dietary treatment each. NC: negative control, without addition of clove powder and not vaccination; PC: positive control without addition of clove powder and vaccination; T1, T2, T3, T4, T5, and T6: various levels of clove powder (10, 20, 30, 40, 50 , and 60 g/kg diet, respectively) and vaccination SEM: standard error of the mean
The inclusion of various levels of clove powder (ascending levels from 10 to 60 g/kg) in dietary treatments resulted in a gradual decrease in villus height, villus surface area and villus crypt depth compared with the PC treatment. Mohamed et al. (2014) reported that a reduction of the surface of the villus indicates a lack of improvement in intestinal health and a lack of nutrient uptake capacity. On the other hand, villus width was significantly higher in the birds of T1 and T3 than those in T2, T4, T5, and T6, but there were not significantly different from the PC. In addition, the proportion of villus height to villus crypt depth was significantly higher in the birds of T1 compared with T2, T4, and T5, but not significantly different from T3, T6 and PC.
Previous reports showed that as the villus height increases, both of the digestive and absorptive functions of the intestine increase, thus enhancing absorptive surface area, expression of brush border enzymes, nutrient transport systems and bodyweight (Awad et al., 2009; Mohamed et al., 2014) . However, many substances can affect internal villi development, thus enterocyte enzymatic activity and structure are two essential features of the intestinal mucosal physiology (Awad et al., 2008) . The inclusion of various levels of clove powder resulted in a gradual decrease in length, width and surface area of the villus, and may be due to suppressing of the beneficial bacteria in the gut. These findings are in line with the results of Cortés-Rojas et al. (2014) , who reported that cloves extract have robust microbial activity in the small intestine. In addition, birds fed high levels of cloves may suffer from the adverse effect on the intestinal epithelium that leads to mucosal damage, so the most commonly used standards for evaluating abdominal mucosal injury and health in poultry are villus length, crypt depth and villus/crypt ratio (Budd et al., 2017; Ducatelle et al., 2018) .
The villus crypt is regarded as the villus factory and deeper crypts indicate fast tissue turnover to permit renewal of the villus as needed in response to normal sloughing (Yason et al., 1987) . A reduction of the villus height and deeper crypts may lead to poor nutrient absorption, increased secretion in the internal tract, and lower performance (Xu et al., 2003) . In contrast, Awad et al. (2009) reported that increases in the villus length and villus/crypt ratio correlated with increased epithelial cell turnover and longer villi are associated with activated cell mitosis.
The results of the histopathological changes in the small intestine from the various treatments are presented in Figure 1 . Birds that were fed on the unsupplemented diet and were not vaccinated (NC) showed regular intestinal villus and muscular layers with thickening of some villi. The PC showed regular intestinal villi with desquamated epithelial cells in the lumen, and regenerative attempts from the lower villus epithelium and intestinal crypts. The addition of clove powder in T1 (1%) showed villi height and width within the normal range. In addition, intestinal villi have proliferative enterocytes, so some villi appeared to fuse with others and the lumen contained sheets of epithelium cells. Other treatments with clove powder (T2 to T6) showed necrotic enteritis on the wall of villi, which is characterized by gradual loss of tissue structure with an increased level of cloves and accumulation of mucus and desquamated intestinal sheets in the lumens.
The results of histopathological changes in the liver from the various treatments are presented in Figure 2 . Birds in the control treatments (NC and PC) showed no histopathological changes through the normal distribution of hepatocytes, clear visible nuclei and central vein. The livers of birds that received 10 g clove powder/kg diet (T1) showed normal hepatocytes and leukocyte infiltration around the central vein, with dilation of the central vein. Dietary supplementation with clove powder (T2 to T6) showed swollen hepatocytes and dilates of the hepatic sinusoids which separate between hepatic cords. On the other hand, the liver of T2 birds showed periductal leukocyte infiltration by these inflammations. There was also a loss of lining endothelial cells in T3 and central vein stenosis in T6, whereas there was a dilation of the central vein in other treatments. The liver is the primary site of nutrient metabolism in the body (Rahman et al., 2017) . Cloves are one of the most abundant sources of dietary polyphenols with many traditional medicinal uses (Jose et al., 2017) . Cloves contain a eugenol compound, which mitigates thioacetamide-induced liver damage (Ali et al., 2014) . However, it has been found that clove essential oil and clove extracts have hepatoprotective effects through reducing liver toxicity (Al-Okbi et al., 2014; El-Hadary & Ramadan, 2016) . No reports on the histological changes of the liver through the use of cloves in broilers have been reported before. The results obtained in this study indicated that the use of more than 1% cloves has a gradual adverse effect on the liver. These results agree with those of Nwaopara et al. (2007) who found that excessive consumption of cloves could affect the liver hepatocytes in rabbits. Abdel-Rahman et al. (2006) found that the addition of 500 mg/kg of clove powder in the diet of mice improved the histology of hepatic cells. Yet another study reported that cloves did not show any effect on the enzyme activity in the liver of rabbits (Kazi et al., 2017) or bring about histological changes in liver tissues (Velisek et al., 2005) .
Conclusions
The authors concluded from this study that the highest appropriate level for the inclusion of clove powder is 1% (10 g/kg of diet) when added to poultry diets, which is not different from the growth rate and histological changes of the intestines and liver (normal liver and intestine tissues) in broiler chickens. Additionally, being vaccinated against diseases in this study did not affect the bodyweight and relative weights of the liver and intestines or bring about histological changes.
